US006315815B1

a2z United States Patent (10) Patent No.:  US 6,315,815 B1
Spadaccini et al. 5) Date of Patent: Nov. 13, 2001
(54) MEMBRANE BASED FUEL FOREIGN PATENT DOCUMENTS
DEOXYGENATOR 4006465A * 9/1991
(75) Inventors: Louis J. Spadaccini, Manchester; 0303513;?3;2 : g/ 1990
. . - /1991
Richard A. Meinzer; He Huang, both 04-200502A * 10/1992
Of Glastonbury, all Of CT (US) 04-349902A * 12/1992
0668875A * 6/1979
(73) Assignee: United Technologies Corporation, 1646572A * 5/1991
Hartford, CT (US)
OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this S. Darah, “Jet Fuel Deoxigenation”, Geo Centers, Inc., (Oct.
patent is extended or adjusted under 35 1988), Interim Report under Contract
U.S.C. 154(b) by O days. AFWAL-TR-88-2081, 28 pages.
J.D. Seader et al., “Separation Process Principles”, John
(21) Appl. No.: 09/464,112 Wiley & Sons, Inc., (Dec. 1997), pp. 720-726.
(22) Filed: Dec. 16, 1999 * cited by examiner
(51) Int. CL7 .o BO1D 19/00; BO1D 53/22  Primary Examiner—Robert H. Spitzer
(52) US.ClL .. 95/46; 95/54; 96/6; 96/8; 7) ABSTRACT
96/11
(58) Field of Search .........ccccccccoocoveevceuiren. 95/45, 46, 54;  Apparatus and method for the deoxygenation of liquid fuel
96/4, 6-8, 10, 12, 13 in the fuel system of an energy conversion device, such as
an aircraft gas turbine engine. A membrane filter is disposed
(56) References Cited in the fuel system and is selected to remove oxygen from the
fuel, typically a hydrocarbon, while excluding the fuel. The
U.S. PATENT DOCUMENTS membrane filter may be permeable or porous to the oxygen
4,268,279 * 571981 Shindo et al. .....ccoovooeveeerrrrnen. 95/46  and, in a preferred embodiment, is of polytetraflouroethyl-
4,539,113 * 9/1985 Tomita et al. .. .. 96/6 X ene. Fuel with dissolved oxygen (typically from air) is
4,729,773 * 3/1988 Shirato et al. .....ccceeverereererennnen. 96/6 flowed in contact with one surface of the membrane filter,
4,740,219 * 4/1988 Kulprathipanja et al. . 95/54 X and removed oxygen is collected from the opposite surface
4,869,732 : 9/1989  Kalfoglou ....ccuccemervvivise. 95/46 of the filter. The difference in the partial pressure of oxygen
5,078,755 * 1/1992 Tozawa et al. woceveivovissvinecss 95/46 across the membrane filter may be controlled to regulate the
5,095,545 * 12/1997 Cho et al. wvovverivsicssvssees 95/46 driving force for moving oxygen through the membrane
5,723,035 * 3/1998 Mazanec et al. ... ... 96/6 X Reducti £ th ion in iet fuel to 1 h ’
5,762,684 * 6/1998 Hayashi et al. coooooroooomrec.n 95/46 X eduction of the oxygen concentration 1n jet fuel to less than
5.830.261 * 11/1998 Hamasaki et al. cooooco....... 95/46 X 10 ppm at liquid space velocities of 100/hr and greater are
5,888,275 * 3/1999 Hamasaki et al. ...coccooovrvennnne 95/46 X attained.
5,968,366 * 10/1999 Deckman et al. ......ccceueeee 95/45 X
6,168,648 * 1/2001 Ootani et al. ......cocoovvrrrverriennne 95/46 22 Claims, 8 Drawing Sheets
’/—100
-[179
N S D i
; 136 I
I I
| 175~ 140 ; o8
¥ 3 120 110 ! (106 /
119 ,{- 1Mo 11 !
<] (22 (° [ 5]
! L E < Hig
132~ J—— — — 117 1 77 T\ I N EIH[ E
- T P a VT £ 1T X_ 1T 4 T ¥ p—» C
- = = P _~17 2 AR D
L /’ T {7 1T TIN
1304~ — - 112/ 1197 111 G
E
R 122
A 124

_.
oo
o

OE.,,E

15 1775



